Introduction: Acquired heart diseases (AHD) are not uncommon in children. The current multi-center study aims to provide a more representative data of AHD in Nigeria. Methods: Over 42 months, children referred for echocardiographic evaluation who had confirmed AHD in three centers in Nigeria were recruited. The data was collected on biodata and types of AHD. Results: There were 116 children with 132 cases of AHD, with a mean age of 6.7 ± 5.7 years. The males were 63(54.3%). Myocarditis/ dilated cardiomyopathy (DCM) 38(28.8%) was the commonest AHD followed by pericarditis 34 (25.8%), rheumatic heart disease (RHD) 23 (17.4%) and hypertrophic cardiomyopathy 18(13.6%). Endomyocardial fibrosis (EMF) 3(2.3%) was uncommon. Conclusion: Nigerian children face a quadruped of AHD namely, myocarditis, DCM, pericardial disease and RHD. As other types of AHD other than RHD are becoming prevalent, there is need to improve the scope of intervention facilities in the country to meet with the demands of the growing afflictions.
Introduction
Acquired heart diseases (AHD) are diseases affecting the heart and blood vessels that appears in an individual after birth. They are heterogenous group of disorders that arise from damage to the heart and blood vessels by a variety of processes including ischaemic/ hypoxic, metabolic, nutritional, inflammatory and infectious processes. Common AHD include rheumatic fever/ RHD, myocarditis and pericardial diseases. Others include Kawasaki disease and cardiomyopathies.
In Nigeria, AHD contributes between 28.8% and 68% of all cardiac anomalies [1] [2] [3] . In an earlier study on AHD in Nigeria in 1982 1 , RHD, infective pericarditis, endomyocardial fibrosis and dilated cardiomyopathy contributed 35.8%, 26.7%, 21.7% and 11.2% respectively. In later studies 2, 3 , EMF prevalence had reduced considerably. A recent study conducted in Lagos had revealed that RHD was not the commonest AHD, having been displaced to the second position by pericarditis.
There are differences in the distribution of AHD globally. While infectious causes such as RHD continue to be a common AHD in developing countries, the contribution of RHD has reduced considerably in developed countries 4, 5 . Dilated cardiomyopathy and Kawasaki disease are now the most frequently seen AHD in the western countries where they are responsible for 9 -19.1/ 100,000 person year 6 for children 5 years and below and 0.57/100,000 per year 7 for children under 18 years respectively in the United States. The developing countries continue to contribute the greater share of the 16 million people who suffer from rheumatic fever and RHD, and the 200,000 deaths due to both diseases globally 8 . This high burden of RHD portends grave consequences for the health care delivery of the resource poor countries 9 . The human immune-deficiency virus/ acquired immune-deficiency syndrome (HIV/AIDS) also since its advent contributed to the burden of AHD especially in developing countries. Pulmonary hypertension, pericardial disease, left ventricular dysfunction and dilated cardiomyopathy have been described among children with HIV/AIDS 10, 11 . It is important to accurately describe the pattern of AHD and their frequencies in the country to enable better health planning and distribution of finances. It will also assist the existing health facilities to channel their resources to cater for those conditions with greater impact on the community. A high burden of RHD would emphasize the need for capacity for valvular repair, while high burden of advanced stage of dilated cardiomyopathy and other types of cardiomyopathies would require capacity for ventricular assist devices and heart transplantation.
The advent of echocardiography has afforded better and more accurate diagnosis of cardiac disease, thus accurate prevalence and better description of cardiac diseases that were once suspected or thought to be rare in developing countries are now available. Previous studies on AHD in Nigeria were limited by small numbers in some cases and by being single site studies. A multicentre study would be more representative of the prevailing distribution of AHDs in the country and would also provide a higher number of cases for evaluation. This is the reason for the present multicentre study in Nigeria whose aims are to determine the spectrum of acquired heart diseases among Nigerian children and to identify the age of the children predominantly afflicted with AHD.
Materials and methods
In this retrospective study, all the children with echocardiographically diagnosed AHD in three Hospitals situated in three large metropolitan cities in Nigeria were recruited. The centers are two large tertiary care private hospitals in Lagos and Abuja respectively and a tertiary government hospital in Benin City. These hospitals serve as referral centers for the neighboring communities and states and thus the subjects were both patients referred from within and outside the centers. The study period was 42 months, from January 2009 to June 2012 in the three centers. Permission was sought and obtained from the respective institutional Ethics Committee, to use the patients' data.
The echocardiography was done by the three pediatric cardiologists in each of the centers. Each child had two Dimensional (2D), M-mode and Doppler examinations in multiple views. The Aloka Prosound SSD-4000SV in Benin and Philips HD7XE were used in Lagos and Abuja. The analysis of the reports was done according to the recommendations of the American Society of echocardiography 12 . The children's age, sex and indication for echocardiography were noted. The types and classification of AHD were also documented using a proforma.
The diagnosis of RHD was based on the 2006 World Health Organisation classification 13 . The type of valvular lesion and the type of RHD, probable, possible or definite RHD were noted. The diagnosis of myocarditis/ dilated cardiomyopathy (DCM) was made on echocardiographic findings of grossly enlarged, hypokinetic heart with poor cardiac function and typical history and findings in the electrocardiogram. The echocardiography was done to define cardiac functions, detect the presence of complications such as pericardial effusion and to exclude other cardiac lesions that could be responsible for the condition. Myocarditis and DCM were grouped together because of the difficulty with telling them apart on echocardiography and the fact that endomyocardial biopsy was not done to confirm cases of myocarditis. Viral studies could not be done to exclude possible viral aetiology, because of non-availability of requisite facility. The diagnosis of pulmonary hypertension was made if the tricuspid valve gradient was >30mmHg and the pulmonary valve gradient >15mmHg representing pulmonary systolic and diastolic blood pressures. Pericardial effusion (PE) was considered significant when the echo free space between the pericardial linings anywhere around the heart was >4mm. The causes of PE were established by doing other ancillary tests. Pericarditis was supported by electrocardiographic findings of ST -segment changes and low voltages. Tuberculous pericarditis was confirmed by positive Acid and Alcohol fast bacilli (AAFB) test from pericardial aspirate. Hypertrophic cardiomyopathy was diagnosed when there was asymmetrical septal hypertrophy and septal dysorganisation on M-mode. When the ratio between the septal and ventricular wall thickness in diastole was >1.3cm 14 , it was also supportive. Infants born to diabetic mothers who had hypertrophic cardiomyopathy were excluded as the condition was considered to be congenital. Right ventricular hypertrophy was diagnosed when the free wall was >5 mm, measured at end diastole 15 . Other diagnoses were based on standard echocardiographic findings.
The data were coded and entered into SPSS version 16 (Chicago IL) and analysed using the same statistical tool. The frequencies of AHD were presented in simple percentages. Continuous variables were presented in means and standard deviation (SD). The means of continuous variables were compared with student's t test. The association between variables was compared using χ 2 test
Results
There were 116 children recruited for the study, consisting of 63 (54.3%) males and 53 (45.7%) females.
The mean age was 6.7 ± 5.7 years (range; 1 week to 17) years. The mean age of the male children (6.2 ± 5.9 years; range-1 week to 17 years) was lower than that of the females ( 7.4 ± 5.4 ; range-10 days -17years), but the difference was not statistically significant, p = 0.19 (CI = -0.67, 3.27). The ages were categorized into <5 years, 5 to <10 years, 10 to <15 years and ≥15 years with 51 (44.0%), 20 (17.2%), 32 (27.6%) and 13 (11.2%) respectively in these categories. Thirty children (25.9%) were infants.
Of the 116 children, 16 had double pathologies resulting in 132 cases of AHD. Most of the AHDs were from Benin centre 87(65.9%) followed by Abuja centre 27(20.5%) and Lagos centre 18(13.6%). The distribution of the common cases of AHD was similar in the three centres. Tables I and II shows the distribution of types of AHDs by study centre and gender respectively. Pericardial effusion complicated Down syndrome in 8(23.5%) of which 2 were confirmed to have hypothyroidism. There were 3(8.8%) cases of tuberculous pericarditis of which one was constrictive pericarditis. PE was present in 3(8.8) cases with HIV associated nephropathy (HIVAN) while the remaining 4(11.8%) cases were possibly viral. There were two cases of cardiac tamponade, both with HIVAN, of which one died. The mean age of children with pericardial disease was 5.8 ± 5.9 years (range; 3months to 17 years). Of the 34 cases of PE, congestive cardiac failure was also present in 18 (52.9%). Hypertrophic cardiomyopathy was seen in 18(13.6%) cases. It was obstructive in 4(22.2%) and non-obstructive in 14(77.8%). Only 2(8.7%) were concentric, the others were asymmetrical. There were 3(16.7%) cases of proven AIDS stage 4 and one case of an 8 year old with insulin dependent diabetes mellitus. Their mean age was 9.0 ± 6.4 years (one week to 17 years). No cause could be adduced to the other cases of hypertrophic cardiomyopathy. Myocarditis/ DCM were present in 38(27.3%) children with a bimodal age range of 1 week to 3.5 years and 4.5 to 14 years. Endomyocardial fibrosis (EMF) occurred in 3(2.2%) of the study population. Their mean age was 12.3 ± 3.8 (8 to 15) years, two out of these cases were RV type EMF with one case of LV type EMF.
Pulmonary hypertension was found in 9(7.6%) children. Of these, 6 (66.7%) children had AIDS and recurrent chest infections, while 3(33.3%) neonates had persistent pulmonary hypertension of the newborn from meconium aspiration syndrome. Five (3.6%) children with chronic adenoidal hypertrophy on presurgical assessment were found to have right ventricular hypertrophy on echocardiography. They were aged between 1 and 11 years with a mean of 3.7 ± 4.2 years. Most of the children were < 5 years old, see table III. 
Discussion
The most prevalent AHD in this study was myocarditis/ DCM followed by pericardial disease and then RHD. The finding of RHD not being the commonest AHD is consistent with the Lagos study on structural heart disease in children 2 . These findings may represent a change in epidemiology of AHD in Nigeria. In previous Nigerian studies 1, 3 , RHD was the predominant cause of AHDs, being responsible for 68% of AHD in an echocardiographic study in Jos Nigeria. The proportion of cases with RHD (17.4%) in this study is smaller than 68% obtained among children in Jos Nigeria 3 , the 35.8% in Ibadan 1 and the 28.6% in the Lagos study 2 . It is not clear if the gradual decline in the proportion of RHD amongst AHD in Nigeria represents a true decline in prevalence of RHD. The improvement in housing, environmental sanitation and personal hygiene in the country 16 , the same factors that were identified to reduce the high burden of RF/RHD in the developed countries, could have been responsible for the decline in burden.
Myocarditis and DCM were grouped together because of the difficulty with distinguishing both on echocardiographic evaluation. Both conditions may have evidence of myocardial dysfunction, reduced fractional shortening and ejection fraction, dilated ventricular chambers and segmental wall motion abnormalities 17 . Endomyocardial biopsy, although not a very sensitive test, it is the diagnostic test for myocarditis. The test was however not available in the study centres and thus the cases of myocarditis were suspected. The seeming increasing number of myocarditis and DCM may not be unrelated to the prevalent HIV/AIDS in the country as shown by the finding of 50% of cases tested for HIV were positive. The increasing contribution of HIV to childhood AHD has been reported by earlier workers 10, 11 . A study that evaluates the HIV status of children with suspected myocarditis or DCM would provide the true contribution of HIV to these cases. The availability and utilization of echocardiography in the country may have also contributed to the seeming high numbers of myocarditis and DCM in this study, with patients with unexplained heart failure being referred for echocardiography.
Myocarditis and DCM often presents with congestive cardiac failure, this has similarly been reported in previous studies 18, 19 . Myocarditis may herald development of dilated cardiomyopathy. In a study of six cases of DCM in Jos Nigeria 19 , all the children presented with heart failure. It is of note that in that study, all the patients were younger than 5 years, unlike the present study in which the age range was 1.2 to 17 years. The severe cases of dilated cardiomyopathy tend to run a fatal course. The ultimate form of intervention is cardiac transplantation. Dilated cardiomyopathy is a major reason for cardiac transplantation in developed countries 20 . The increasing trend of myocarditis/dilated cardiomyopathy suggest the need for pre-emptive expansion of available resources to meet the treatment needs of the affected individuals. It may indicate need for availability of ventricular assist devices as well as heart transplant programs in the country. The lack of and/or affordability of the cost of this form of care is contributing to the childhood morbidity and mortality in Nigeria 1, 3, 19 . The young age of some of the subjects in this study reflects the early and prompt investigation of children with possible cardiovascular disease and buttresses the importance of the presence of cardiac centres with diagnostic facilities in improving access to care. The prevalence of hypertrophic cardiomyopathy in this study is high and is consistent with finding in the Baltimore-Washington Infant study 21 in which hypertrophic cardiomyopahty was the commonest cardiomyopathy documented.
Pericardial disease which was the second commonest AHD in this study, in addition to other underlying cardiac and non-cardiac conditions was associated with congestive cardiac failure in most of the cases. Cardiac failure and PE complicating AHD in some of these children is consistent with a previous study 22 . In a previous study in Nigeria 23 , mycobacterium tuberculosis and staphylococcus aureus were the commonest causative agent of pericarditis. In this study the true prevalence of tuberculous pericarditis could not be determined since it was only evaluated for 11 children. The usefulness of echocardiography is shown in aiding the aspiration of pericardial fluid to ease the tamponade effect on the heart in one case of cardiac tamponade. The other cases of cardiac tamponade died before intervention was instituted. Echocardiography also facilitated the aspiration of the effusion of three cases. This further shows its interventional role in clinical practice.
The age range of children with RHD in this study is similar to values obtained from previous studies in children. Also in previous studies [1] [2] [3] , mitral valve disease was the commonest valvular involvement in the cases of RHD. The pulmonary valve was not involved in our patients and this agrees with previous studies 3 . Endomyocardial fibrosis that was quite prevalent in Nigeria in the time past 1 , especially in the Southern part of the country, seems to be on the decline. The low number recorded in this study is consistent with more recent reports in the country 2, 24 . Only one case of Kawasaki's disease with coronary arterial abnormality was recorded in this study. Kawasaki disease is one of the leading causes of AHD in developed countries. It is not clear if the small number of Kawasaki disease in this study represents a true low prevalence or underestimation of the true prevalence due to wrong clinical diagnosis and consequently, failure to refer affected patients for cardiovascular evaluation.
Pulmonary hypertension is a major cardiovascular finding that has been documented in children with AIDS by other workers 10, 11, 25 . The long term survival of children with HIV/AIDS because of the availability of anti-retroviral medicines, may mean the health care system will see increasing numbers of such cardiovascular complications. The availability of echocardiography facility and its utilization for such indication as pre-surgical evaluation of children has contributed to the identification of these conditions as has been found in studies in developed countries 27 . It is been shown that the cardiac hypertrophy and other cardiopulmonary features of adenoidal hypertrophy regresses following treatment 26 .
In this study, we acknowledge some limitations. Endomyocardial biopsy was not done for suspected cases of myocarditis/ myocarditis thus the cases could not be confirmed. The HIV statuses of suspected cases of myocarditis/ DCM were not determined for most cases as some of the cases were referred from facilities outside the study centers. Thus the true contribution of HIV to causation of myocarditis/ DCM could not be ascertained. Genetic studies could not be done for the cases of DCM and HCM, this is important as some of these cases may have been inherited and thus would not strictly be AHD. This multi-center study was conducted in referral centers, thus the reported prevalences may not represent the true prevalences in Nigeria. Perhaps a clearer picture may be seen when the large multicentered study involving all six geopolitical zones of Nigeria is concluded.
conclusion
The current spectrum of AHD in this study is changing from previous pattern reported earlier from the country. Most of the children were young availing the opportunity to diagnose their conditions early and institute early intervention. Interestingly too, myocarditis/ DCM and pericardial diseases are more prevalent than RHD that used to dominate the spectrum of AHD in Nigeria. The proportion of RHD and EMF seem on the decline, although RHD was not the leading cause of AHD in this study, it is still a major cause of morbidity in Nigeria. The number of children with myocarditis and Dilated cardiomyopathy is increasing. There is need to re-direct attention to improved diagnostic acumen for myocarditis by increasing awareness, alongside improved efforts to provide interventional facilities to cater for the growing affliction.
